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1. INTRODUCTION 


Potable water scarcity is proving to be a global problem as the number of people with inadequate supply of fresh 
water keeps on increasing. South Africa is also faced with this problem. The drought in 2018 was the worst 
recorded in the country, and the city of Cape Town is now exploring alternative sources of potable water supply and 
water management systems (Engqvist & Ziervogel, 2019). One of the alternatives is desalination of brackish and 
seawater, particularly by means of seawater reverse osmosis (SWRO) desalination. RO has taken leadership in the 
desalination market (Lappalainen et al., 2017). At least 60 % of the world’s total installed desalination plants are 
RO operated (Ahmed et al., 2019). RO plant performance is sensitive to input parameters such as feed water quality 
and operating conditions (Oh et al., 2009). Energy consumption is one of the most important parameters that is still 
relatively high in the RO desalination process and this needs to be minimized. Optimization of the plants that are in 
operation is one of the ways that will help in minimizing the SEC, at the same time optimizing the desalination 
system. This paper seeks to develop a software-based model for simulation and optimization with respect to the 


already operational plant. 
2. MODELING OF THE PLANT 


Modeling is a procedure in which mathematical equations are used to describe real-life problems so as to solve 
these problems more easily (Ahmed et al., 2019). RO modeling, if done properly, will result in fewer experiments 
needing to be undertaken, thereby reducing time and costs associated with desalination (Ang & Mohammad, 2015). 
Several modeling techniques are applied to come up with mathematical relationships between the different 
parameters. Membrane modeling software is often used to estimate the performance of the system but is limited to 


membranes that are designed by a specific company. Coupling of different software or membrane manufacturers is 
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not possible yet (Altaee, 2012). Modeling of the RO plant in this study follows the following assumptions: 
e The pressure drop is neglected along the membrane channel. 
e Spiral wound elements are treated as flat. 
e The concentration of feed linearly varies along the feed channel (Sassi & Mujtaba, 2010). 


This section assumes that the plant follows the modeling equations that are listed in the equations below. In the 


solution diffusion model, permeate flow rate, Qy, is calculated using Eq. 1: 
Q,, = A(AP — Ar) (Eq. 1) 


Where AP is feed and permeate pressure difference and Az is osmotic pressure (Ahmed et al., 2019; Kim, Oh et 


al., 2009; Oh et al., 2009). 
Osmotic pressure, Am equation 1s given by Eq. 2: 
An = n,CR,T (Eq. 2) 


Where ni, Rg and T represent number of moles of species, universal gas constant 0.082 kg.m7/h*.K and feed 


temperature respectively. 


The recovery ratio, K, is given by Eq. 3: 
(Eq. 3) 


Where Q, is permeate flow and Q; is feed flow. The recovery ratio tends to decrease with an increase in feed total 


dissolved solids (TDS) at a given temperature (Nisan et al., 2005). 


The temperature correlation factor (TCF) for a given RO plant is calculated by Eq. 4: 
Em( 1 1 
TCF =e eaCrca)| (Eq. 4.) 
Where Em is membrane activation energy, R is gas constant and T 1s temperature (Atab et al., 2016). 


The theoretical calculations of SEC and permeate flux (J,) are given by Eq. 5 and Eq. 6 respectively (Assad et al., 


2020): 
Stas a ower ea oF 
SECS == > 22 (Eq. 5) 
p 
Q 
oar (Eq. 6) 


Where: Epp, Enp and Es) are energies consumed by the booster pump, high pressure pump and supply pump 


respectively, and Q, and A represent the permeate water flow rate and area of membrane respectively. 


Salt rejection, Rs, and total mass balance, Q;C; are calculated respectively by Eq. 7 and Eq. 8. Permeate water flow 


rate 1s calculated by Eq. 9 and Eq. 10: 


R, =1-—2 (Eq. 7) 
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QO, Cy _ Q,Cy 7 Q,C, (Eq. 8) 
Q, = Or aa Q,. (Eq. 9) 
L 
Q, = niw | J,dz (Eq. 10) 
0 


Where C;, C, and C; are feed, permeate and reject salts mass concentrations respectively, Q; is reyect water flow 


rate and ni, L and W represent number of leaves, length and width of the RO module. 
Accordingly, solvent flux, Jy, and solute flux, J; follow the following expressions: 
Jy = Ay (Py — Pa — Py — Art) (Eq. 11) 
Js = Bs(Cm — Cy) (Eq. 12) 


Where A, represents the solvent transport parameter, P;, Pa and P, represent feed pressure, pressure drop along 


the membrane and permeate pressure (Ang & Mohammad, 2015; Jiang et al., 2014; Swartz et al., 2006). 


Impermeable salt accumulation on membrane surfaces leads to concentration polarization, 0, given by Eq. 13: 


Cm — Cy Iv 
=——— -=€e« Eq. 13 
O =e, (Eq. 13) 


Where C;, is bulk solution solute concentration and k 1s the mass transfer concentration (Lee et al., 2010). 
Normalized Temperature, TMP*: 


TMP* =TCF * TMP (Eq. 14) 
Temperature correction factor (TCE) is a factor that takes into cognisance the effect of the temperature (Gilabert 


Oriol et al., 2013). 


Specific energy consumption (SEC) of the plant is calculated using Eq. 15 and Eq. 16 respectively: 





W, 
SEC = —— (Eq. 15) 
Qp 
AP *«Q 
Wrump = f (Eq. 16) 
"pump 


Where Wpump 18 the work done by the pump and Npump is the pump efficiency (Zarai et al., 2013). 
3. SIMULATION 


In the following section, the above modeling equations are applied to the simulations performed. Simulation was 
conducted on the data using DuPont powered Water Application Value Engine (WAVE) software, modeling software for 
water treatment plant design. WAVE is a fully integrated modeling software that integrates three main leading water 
treatment technologies. These include reverse osmosis (RO), ultrafiltration (UF) and ion exchange (IU) (DuPont, 2021). 
The software combines the previous software features of reverse osmosis system analysis (ROSA), offering improved and 
consistent algorithms, improved mass balance and flow resulting from temperature changes, water characteristics and 


water compressibility and sharing of designs is also possible (Edina, 2017). 
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Simulations for the 100-10 train were carried out. Most of the variables were extracted from experimental values 
and some of the values were assumed before performing the simulations. One of the parameters assumed was the permeate 
water flow, Qpermeate. The assumption was that all three trains produce equal amounts of permeate water, therefore the total 
permeate flow rate of 1 367 m?/d was divided into three equal parts, resulting in each train producing approximately 460 
m°/d or 20 m°*/h. DOW SW30 ULE 440i membranes are now obsolete therefore all the membranes were assumed to be 


DOW SW30 XLE 4401. Table | shows experimental values and assumptions made on the plant. 


Table 1: Assumed and Experimentally Extracted Values for Different Parameters 


| Qieeafm*/d(m*Ay} 0020) 
| Quermearefm*/d(m*Mhy} | 48062) 
| Average temperature, (T/°C) | AS 
pAverage pH 


| Average pressure (P/bars) | SS 
|Recovery(%) 
|FeedTDS(mg/) P88 
| DOW SW30XLE 440i | membranes | 
|DOW SW30ULE 440i | Obsolete) 
|No.ofvessels 





Table 2: Simulated Results 2 the V&A a Plant 


PPamenefow (nin), LQ) 
|Recovery(%) | | 
|Rejection(%) | 8B] 99D | 0D 





The schematic diagram and the description of variables of the simulated results are shown in Figure 1. and Table 
3 respectively. Stage | shows the raw feed water inlet and stage 2 shows the pressurized feed water to the RO vessels. 
Stages 3, 4 and 5 indicate concentrate water. Some of the concentrate is recycled back to feed water (stage 3) whilst some 
of the concentrate is discarded as waste (Stage 5). Stage 6 shows the permeate (potable water). At every stage of the 
simulation, TDS and pressures are recorded. Feed pressure is recorded as 46.4 bar (stage 2) compared to the experimental 


value of 55 bar. 





Figure 1: Schematic Diagram of the Simulated Design. 
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Table 3: Description of Different Stages of Simulation and their Corresponding Values 


Description Pressure 


{bar} 


Raw Feed to RO System 

Net Feedto Pass 1 

Concentrate Recycle fram Pass 1 to Pass 1 
Total Concentrate from Pass 1 

Net Concentrate from ROSystem 

Net Product fram RO System 





A summary of the simulation results system overview and flow table is shown in Tables 4 and 5 respectively. 
These results show several deviations to the values extracted from the actual plant. Ideal SEC was recorded as 5.6 kWh/m’, 
while the actual SEC of the plant is 6.58 kW/h, a higher value. An average flux of 11.6 LMH and permeate TDS of 117.8 


mg/l was recorded. 


Table 4: RO System Overview 


pretreatment, S01< 5) 
Number of Elements A7 
Total Active Area tr*| 1717 
Feed Flow per Pass Fry ri 
Feed TOS4 ire? L I 
Feed Pressure far) 
Flow Factor Per Stage 
Permeate Flow per Pass 
Pass Averave flux 
Permeate TDS? 
Aweraze WOOP fart 
Specific Enerey kev A? re) 
Temperature i 


fH 62 
Chemical Dose - 
ROsystem Recovery 31.0% 


Wet ROSystem Recovery 31 06 





Table 5: RO Flow Table 


feed | Gamcertrate | Permente 
Stare #Els Recirc | Feed Boost | Conc | Conc Perm | Ave Flux) Perm 
per Flour Press | Press Flow | Press Flow 
Pur 
(m*fh} | (bar) | (bar) | (mm/h) | (bar) (mfh) | (LMH) 





swaurwa | 6 | 7 | wa | am | 60 | co | asa | eas | 25 | mo | ue | 30 | urs 


A detailed report on the simulation is provided in Appendix A. This includes the behavior of each RO element 


(membrane) during the operation, several solute concentrations, electricity costs, utility and specific water costs. 
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The following section is dedicated to graphs that were obtained from the WAVE simulation project (Figure. 2 to 
Figure 6). 
pH vs Permeate TDS graph Feed Pressure vs Permeate TDS graph 


y =-350.2x + 2648 y= -33.609x + 1677 
R? = 0.9917 R? = 0.9637 


= 
ay 
Bo 
E 
e 
6 
= 
w 
el 
a 
a 
E 
— 
u 
a 


455 46 
Feed Pressure/ (bar) 


Figure 2: pH vs Permeate TDS Graph _ Figure 3: Permeate TDS as a Function of Feed Pressure. 





Feed Temperature vs Permeate TDS graph 


¥ = 47.B816e0056% 
R* = 0.9999 
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Figure 4: Feed Temperature and Permeate TDS Relationship Figure 5: Simulated vs Experimental Values of 
Feed Temperature vs Permeate TDS. 


Feed Pressure vs Permeate TDS graph 


@ Simulated values 


e@ Experimental values 


Linear (Simulated values) 


Permeate TDS/ (meg/1!) 


Linear (Experimental values) 


Pressure/ (Bar) 





Figure 6: Simulated vs Experimental Values of Feed Pressure vs Permeate TDS. 


4. OPTIMIZATION 


Optimization is a procedure undertaken to come up with the best possible solution to a problem by using different 


alternatives (Ahmed et al., 2019). Some of the optimization techniques include the genetic algorithm (GA) technique 


Impact Factor (JCC): 9.6246 NAAS Rating: 3.11 


Modeling, Simulation and Optimization of a Reverse Osmosis Desalination Plant 33 


(Poullikkas, 2001; Murthy & Vengal, 2006; Dyjebedyjian et al., 2008), artificial neural network (ANN) based modeling 
(established by Libotean et al., 2009). Optimization of the energy consumption is one of the key parameters as energy 
consumption accounts for 50 % to 60 % of total costs (Ahmed et al., 2019). Parameters like feed pressure and operational 


temperature as well as membrane properties affect the performance of RO process (Jiang et al., 2014). 


Dyebedyjian et al. (2008) state that for optimization, the single objective to be maximized, Z, and the constraint 


used in the RO system, C,, are given by Eq. 17 and Eq. 18 respectively: 


Z=Qy (Eq.17) 
Cy < Cyd; (Eq. 18) 


If external penalty is used in the conversion of constrained problem to an unconstrained problem, then Z 1s given 


by Eq. 19: 
Z=Q,— Pen (Eq. 19) 


Where Pen is the penalty subtracted from the objective function and is given by Eq. 20: 


Pen=C {py 4 Eq. 20 
en = Cyon C. (Eq. 20) 
D, 


Where Cyen represents the penalty function constant (can be as big as 100 000). 
From the above equations, objective fuction, Z, 1s expressed by Eq. 21: 
Qw if Cy = Cod 


C 
On = Coen * (< — 7 otherwise 
p,d 


Z= (Eq. 21) 


Sassi and Mujtaba (2011) stated that optimization strategy considering module design and operating parameters is 


given by the following method: 
Given: Membrane properties and specifications and feed water characteristics (conditions), 
Optimize: The optimal feed flow, feed pressure and design decisions, 
So as to minimize: Specific energy consumption, 
And maximize: Permeate flow, 
Subject to: Equality and inequality constraints. 


Optimization was conducted using the WAVE modeling and optimization software. Optimization of the V & A 
desalination plant was performed so as to come up with the best combination of variables. The plant was operating at 
around 68 % of the design capacity, (1 367 m°/d instead of the design capacity of 2 000 m*/d). Optimization of the 100-10 
train resulted in an increase of the operating capacity to around 86 % capacity, using the same equipment with the same 
recovery rate of 31 %. Specific energy was improved from 6.58 kWh/m? to around 6.1 kWh/m?, an improvement of around 


7:3 2; 


The schematic diagram in Figure 1 applies to the optimization of the plant. Feed flow rate was increased to 83.2 


m°/h resulting in a permeate flow rate of 24 m*/h at a pressure of 50.5 bars compared to the current permeate flow of 


www.tprc.org editor@ujprc.org 


34 Randy Ncube & Freddie L. Inambao 


around 19 m*/h at 55 bars. Although most of the parameters showed positive changes, specific water costs increased 
slightly, by 2 %. The summary of input and output parameters is shown in Table 6 and Table 7. Table 6 shows the RO 
optimization system overview, a set of input parameters, and expected output values. Table 7 depicts the RO optimization 


flow figures. Appendix B shows a detailed optimization report of the 100-10 plant. 


Table 6: RO Optimization System Overview 


Pas SSOSCSC~C~—“~—CSC“‘“‘—‘“‘“‘“<C«ir 


Vater Ty pe 363 Vater YVith con entianal 
pretreatment, =Dl= 5) 

Number of Elerments 

Tota 4ctive Area trre 3 1¥1i¥f 


Feed Flav per Pass 

Feed TOS 

Feed Pressure 

Flow Factor Per Stage 

Permeae Flow per Pass tify hl 
Pass 4ver are fTIicx (LH 
Permeate TDS? (mel 


Pass Recover, 


4 erare MOP (Oar) 


Specific Enersy Cee Ar? 
Temper ature rc} 
PH 

Chemical Dose 


RO System Recover; 


Permme ate 





The following graphs are the optimization graphs of permeate TDS against feed temperature, feed pressure and 
feed pH. The graph of permeate TDS and feed temperature (Figure 7) shows a general increase in permeate TDS as 
temperature increases, while the graph of feed pressure and permeate TDS (Figure. 8) shows a decrease in salt content with 


respect to an increase in pressure. An increase in pH resulted in a decrease in permeate TDS as shown in Figure. 9. 


Feed Temperature vs Permeate TDS Feed Pressure vs Permeate TDS graph 


= 
“al 
a 


y = 6.815x - 10.565 
R? = 0.9944 


= 
a) 
oa 


y = -21.269x + 1146.2 
R* = 0.9711 


+ et 
f Ln 
o oc 


Permeate TDS/ (me/'l) 
Permeate TDS/ (mg/l) 





19 21 
Feed Temperature/ (°C) Feed Pressure/ (bar) 
Figure 7: Permeate TDS as a Function of Feed Temperature. Figure 8: Feed Pressure and Permeate TDS 
Relationship. 
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Feed pH vs Permeate TDS 


y =-262.82x + 2004.3 
R? = 0.9965 


= 
Ty, 
jets) 
E 
i, 
Li 
=) 
- 
a 
_ 
i) 
w 
E 
= 
[:F) 
i=5 


7.15 
Feed pH 


Figure 9: Feed pH Against Permeate TDS Graph. 





5. DISCUSSIONS 


The main objective of optimization is the minimization of energy consumption of the plant, without compromising the 
quality of the permeate water. To achieve the theoretical SEC is not possible due to concentration polarization, hydraulic 
resistance and membrane fouling (Gude, 2011). Optimization of the V & A desalination plant using WAVE software 
resulted in a decrease of about 13.7 % compared to the experimental value. This decrease in SEC will lead to a reduction in 
total costs of the plant. The optimization graph on Figure. 7 shows that an increase in temperature resulted in an increase in 
permeate TDS. This means that a decrease in temperature will result in improved permeate water quality. This is in 
agreement with Guler et al. (2010) who stated that a decrease in temperature enhances the quality of permeate water. 
According to Koutsou et al. (2020) increasing temperature of high saline water negatively impacts the salt rejection 
capabilities of the membranes, hence optimization studies have to be considered. Membrane performance generally 
decreases with an increase in temperature, thereby increasing the permeate TDS with respect to temperature increase (Kim, 
Lee et al., 2009; Kim et al., 2020; Kim et al., 1919). This increase in permeate TDS 1s due to an increase in the viscosity of 
the water (Kim, Lee et al., 2009) and the expansion of the membrane pores (Atab et al., 2018). Khalifa et al. (2017) are in 
agreement with the theory that an increase in temperature increases permeate flux resulting in high permeability of 


membranes and an increase in permeate TDS. 


In recent years, high permeate water quality has been expected to be produced from SWRO desalination plants. 
Permeate water with TDS as low as 200 mg/l or less after re-mineralization is the expected quality (Kim et al., 2020). 
Optimization of the V & A plant resulted in a permeate TDS of around 82 mg/l (Table 6 and Table 7), which is very 
desirable. On the other hand, an increase in temperature results in a reduction in SEC and an increase in recovery ratio 


(Atab et al., 2018). 


Figure 8 shows that feed pressure is directly proportional to the quality of product water. This means that as feed 
pressure increases, permeate TDS generally decreases, leading to improved quality of water produced. This is in agreement 
with Lee et al., (2015) and Du et al. (2020) who stated that an increase in feed pressure increases permeate flux and salt 
rejection while at the same time reducing SEC. Gandhidasan and Al-Mojel (2009) also agree that an exponential decrease 
in permeate TDS was recorded when input pressure was increased. Gude (2011) concluded that pressure increase has a 


positive impact on several parameters like salt rejection, recovery ratio and energy consumption. 


The results in Figure. 9 show that a slight increase in pH led to a decrease in permeate TDS. The product quality 


improved dramatically with a slight increase in pH. Vaseghi et al. (2016) are in agreement with this phenomenon as they 
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state that pH varies inversely proportional to permeate TDS, where lower ion concentration is achieved when pH increases. 
However, an increase in feed pH resulted in an increase in permeate TDS for low flow rates, as is recorded by Alahmad 
(2010). Su et al. reiterate that pH variations generally have no effect on permeate TDS, because with an increase in pH 
cation rejection decreases while anion rejection increases (Su et al., 2017). Park and Kwon (2018) state that variations in 
pH have not yet been well understood; salt passage and permeate flux is higher in low and high pH due to membrane 


swelling. 
6. CONCLUSIONS 


WAVE simulation and optimization resulted in the theoretical improvement of the plant. Increasing the feed flow rate to 
about 24 m°/h on the train resulted in 86 % production capacity, an increase of about 18 % towards achieving the design 
capacity of the plant. This was necessitated without changing the membranes or recovery ratio of the plant. SEC 
optimization, which is the chief objective of optimization, also resulted in a 7.3 % improvement in energy consumption, a 
reduction of about 0.48 kWh/m‘°. Feed pressure of the system was also reduced to 50.5 bar from an average of about 55 bar 
in operation in the plant previously. Reduction in feed pressure led to a reduction in SEC, also leading to a reduction in 


total running costs of the plant (Appendix B), as compared to the simulated total running costs (Appendix A). 
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APPENDIX 


A: 110-10 Train Detailed Simulation Report 


WATER APPLICATION VALUE ENGINE 
q DUPONT > WATER SOLUTIONS 


RO Detailed Report 
RO System Flow Diagram 


Description Flow TDS Pressure 
min 
Raw Feed to RO System 0.0 
Net Feed to Pass 1 47.0 
Concentrate Recycle frorn Pass 1 to Pass 1 44,1 


Total Concentrate from Pass 1 44,1 


Net Concentrate from RO System 44,1 





Net Productfrom RO System 0.0 


RO System Overview 

Total # of Trains Online = Standby = 0 RO Recovery 31.0 %6 

System Flow Rate NetFeed = Net Product = 20,0 a 
pretreatment, SDI < 5) 

Number of Elements 42 

Total Active Area (m?) 


Feed Flow per Pass (m?/h} 
Feed TDS? f{me/L} 
Feed Pressure {bar} 
Flow Factor Per Stage 

Permeate Flow per Pass 

Pass Average flux 

Permeate TDS? 


Pass Recovery 


Average NDP (bar) 


Specific Energy (kWh/m?) 


Temperature (°C) 


pH ; 
Chemical Dose - 


Footnotes: 





=Total Dissolved Solids includes ions, SiO2 and B(OH. It does not include NHz and COz 


www.tUprc.org editor @ujprc.org 


40 


<OUPONT? 


Randy Ncube & Freddie L. Inambao 


WATER APPLICATION VALUE ENGINE 
WATER SOLUTIONS 








RO Flow Table (Stage Level) - Pass 1 


Stage #PV | #Els 
= er 


Perm |Avg Flux} Perm 


reed Ganceate ements 





Pa | sweoarwa fe [7 [eas [am | a7 | oo | oa | aaa | as | avo | ae | a0 | sme 


RO Solute Concentrations - Pass 1 


Concentrations (mg/L as ion) 


Raw Feed “— Stagel Stagel Total 
Recycle 


0,00 
0,00 
0,00 
0,00 
13,397 
0,00 
2,600 


Footnotes: 


=Total Dissolved Solids includes ions, SiOz and B(OH. It does not include NHz and COz 


Rice Feed 


0,00 
0,00 
0,00 
0,00 
18,997 
0,00 
2,600 


RO Design Warnings 


None 


Special Comments 





SW 30XLE -440i 


RO Flow Table (Element Level) - Pass 1 


Project Name: 100-10 Train 


Impact Factor (JCC): 9.6246 


0,00 
0,00 
0,00 
0,00 
IS, 632 
0,00 
2,687 





Special Comments 


Consult your DuPont representative for advice on applications above 95°F (35°C), 
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WATER APPLICATION VALUE ENGINE 
4 DUPONT > WATER SOLUTIONS 


Stage Element Name sora Feed Flow Feed Press Feed TDS Conc Flow Perm Flow Perm Flux Perm TDS 
= =a os L) (m?/h) (m?/h) (LMH) (mg/L) 


5 | seonrno [es [925 [es [ss [ees [oe [a0 |e 
(«| swonae-wa [aa | eee | «7 | «ao | es | oo | e@ | asa 
[7 swonne-wo [ae [esr | «| am | em | oa | 7a | am 





Footnotes: 


=Total Dissolved Solids includes ions, SiOz and B(OH. It does not include NHz and COz 


RO Solubility Warnings 


None 


RO Chemical Adjustments 


RO 1* 
Pass Conc 


pH 

Langelier Saturation Index 
Stiff & Davis Stability Index 
TDS? (ma/l} 

lonic Strength (molal) 
HCO37 (mg/L) 

CO2(me/} 

CO3? (mg/L) 

CaSO, (% saturation) 
BaSO, (96 saturation) 
SrSOq (% saturation) 

CaF (9 saturation) 

SiO (96 saturation) 
MeOH}; (96 saturation) 





Footnotes: 


=Total Dissolved Solids includes ions, SiOz and B(OH. It does not include NHz and COz 


RO Utility and Chemical Costs 
Service Water 
Flow Rate Unit Cost Hourly Cost Daily Cost 
(m?/h) ($/m?) ($/h) (S/d) 


Non-Product Feed Water 

Pass 1 44,4 0.1400 6,22 149,29 
Total Non-product Feed Water eT lee 149,29 
Cost 


Waste Water Disposal 
Pass 1 444 0.6900 30,66 <—- 76 


Total Waste Water Disposal a ee 30.66 | 735.76 | 76 
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WATER APPLICATION VALUE ENGINE 
q DUPONT > WATER SOLUTIONS 


Electricity 

Peak Power 

Energy 

Electricity Unit Cost 


Electricity Cost 
Specific Energy {kWh/m?} 


Flow Rate Power Energy Cost 
Pass 1 


Pass 1 Total Lg 113,52 2 724,39 245,20 
System Total | 113.52 2,724.39 245,20 


Chemical 


Unit Cost Dose Volume Cost 
($/kg) (mg/L) (L/d) ($/d) 
Toate |] 


Utility and Chemical Cost 








Specific Water Cost 
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Appendix B: Detailed Optimization Report of the 100-10 Train 


WATER APPLICATION VALUE ENGINE 
4 OUPONT> WATER SOLUTIONS 


RO Detailed Report 
RO System Flow Diagram 


Description Pressure 
a (mg/L) = 


Raw Feed to RO System 33,619 
Net Feedto Pass 1 : 3,752 
Concentrate Recycle from Pass 1 to Pass 1 ; 48,766 
Total Concentrate from Pass 1 ; 48,767 
Net Concentrate from ROSystem i 48,767 





Net Product from RO System 82,80 


RO System Overview 


Total # of Trains 1 Online = Standby = fe) RO Recovery 31.0% 
System Flow Rate {m7/h) |Net Feed = Net Product = 24.0 


ee SDI<5} 
Number of Elements 
Feed Flow per Pass (m3/h) 
Feed TDS? (me/L} 
Feed Pressure (bar) 
Flow Factor Per Stage 
Permeate Flow per Pass {mm/h} 


Pass Average flux {LIVIH} 
Permeate TDS? (me/L} 


Average NDP (bar) 
Specific Energy (kWh mn?) 


Temperature {°C} 


pH 
Chemical Dose 


ROSysterm Recovery 


Net ROSystem Recovery 31.0% 


Footn otes: 





*Total Dissolved Solidsincludes ions, $i0, aid B(OH)s. It does not include NH; and CO; 
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WATER APPLICATION VALUE ENGINE 
q DUPONT» WATER SOLUTIONS 


RO Flow Table (Stage Level} - Pass 3 


Gemeente 
Stage #Els a Recirc | Feed Conc onc Perm |Avg Flux} Perm 
per Flow Flour Press ieee Flour pee 
PY 
(m*/h) | (m*/h) | (bar) | (bar) | (m*/h) | (bar) 





ra | ewanmeaeo |e [7 | aaz [592 | soz | oo | s92 | ass | aa | mo | eo | 30 | om 


RO Solute Concentrations - Pass 1 


Concentrations 7 Abate Las — 


Raw Feed os Stagel Stagel 
— 


0,00 
10,261 
1,710 
455.8 
0,00 
0,00 





Footn otes: 


*Total Dissolved Solidsincludes ions, $i0; and BiOH}s. It does not include NH. and CO; 


RO Design Wamings 


None 


Special Comments 





S$ W3OXLE-44 Oi Consult your DuPont representative for advice on applications above 96°F { 35°C), 


RO Flow Table (Element Level} - Pass 1 
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WATER APPLICATION VALUE ENGINE 
4 DUPONT» WATER SOLUTIONS 


Stage Element Name Recovery Feed Flow Feed Press Feed TDS Conc Flour Perm Flow Perm TDS 
(%) a ae =e (m*/h) (m?/h) (mg/L) 


ae tt et ee a 
a f= | swamceaeo [sa | ize [asa som ni 


pfs swanceao [ae [unr [ ase | ates [na ase | se |e 
a 
ra [os [swam [ai | so7 | er7_| aso n02 | aaa | n08 | sro 

(7 | swaoneao [a7 | ao2_[ «7a | «ese | se” | om | a2 | 1405 


Footn otes: 





*Total Dissolved Solidsincludes ions, SiO, and B(OH )s. It does not include NH, and CO; 


RO Solubility Warnings 
None 


RO Chemical Adjustments 


pH 
Langelier $ aturation Index 
Stiff & Davis Stability Index 
TDS? (mg/l) 

lonic Strength {mola} 
HCOs” (mg/L) 

COz (me/l} 

COz~* (mg/L) 

CaSO, (% saturation) 
BaSO, (% saturation) 

SrSO, (% saturation) 

CaFz (% saturation) 

SiOz (% saturation) 
Mie{OH }2 (% saturation) 





Footn otes: 


*Total Dissolved Solidsincludes ions, SiO, aid BIOH)s. It does not include NH, and CO; 


Flow Rate Unit Cost Hourly Cost | Daily Cost 
Non-Product Feed Water 
all al al al 
Cost 


RO Utility and Chemical Costs 


Service Water 


Waste Water Disposal 
Pass 1 0,6900 36.77 or &O 


Total Waste Water Disposal Ea 36.77 | 882.60 | 60 
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WATER APPLICATION VALUE ENGINE 
q DUPONT» WATER SOLUTIONS 


Electricity 


Peak Power {kW} 
Enemy (kWh/d)} 
Electricity Unit Cost (S/kWh} 
Electricity Cost (S/d) 


Specific Energy (kWh frm?) 
Flow Rate Energy Cost 
Pass 1 


Pass 1 Total a 146.46 3515.09 316.36 
system Total Ld 146.46 3515.09 316,36 


Chemical 


Chemical Unit Cost Dose Volume Cost 
($/kg) (mg/L) (L/d) (S/d) 


Total Chemical Cost rs es ee ee 





Utility and Chemical Cost 
Spedfic Water Cost 
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